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attractor of the symbio&ic state is net ● tied point but ● limit cycle.

sequence of length L. Thtu hcmts and puadta cm hava ~ dlffemut genotypa. The
population of lncUviduti of auh gmotypa j it chman to taka● contiuuoua vduo, and is
denoted by h, and pj c-ormpondlng tos hat typa j md ● pzmsite type j, rwpedvely.
The dynamics are u follow:

(1) Mutation of hats snd pwdta: Hats M mll u padtw can mutata to other
gonoty-pa by only 1 bit. HOW cannot b-m. parasita w vice werso, that i~, they
mutato only among thartAw Slna - restrict the gcm CPU ins bit ctring of lmigth
L, each gatotyp haa L ndghbors meld by * 1-M mut~hn. Such mutation allow
h-ts to acApc fmm hmnful ptitu, whawa padta fallow th. hat by mutation.

(2) Intarxtlon of hosts and paradta: Fbr most puadta, hats UQ urd-dlmctlodly
e.xploltd by pawlta. Th. mom ad=t~ s puulti b through tho Intuactlon
with ~ host, the lus dvutq ( or tho mom d-) tho hoot k h tho Memctlaa.
If both ● ptiti and ● hat happm to tti admt~ d d otho’t, such a pdr of
pardta arndhooti is said to b, h s 8@ddC rdatlaa.

(3) Interaction uaomg puuita: A canpdth h Jndadcd among puuita but not
among h-tam Wo -u tbt dM’t tyw CUPP- + odw, but tha @Uppl’-i-
by the M ~typa la not Includd. No mataal A ,

F
pPv’=- b -d br

the hat wtan. Tho hat CM mly ln~ w d~ w nambar by interacting with
pdta.

(1)

(2)
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h-u and paruitu incmese, tillthe state bec.omee unstable and dheolves. Through

the spread in geno qmce, parti- reach tho mat harm.ful spech to the hoot type 8S.
Thtu the Pueaitc with the genotype 42(= 127W) appamw. ( Note that 85=1010101
and 42=0101010). Since th~ puaeita can exploit the heat mat mtmngly, Itsnumber
increuem In order to mxwer the originel symbiotic state, this hamnful paruitg must
be eliminated. In the p~t a this elimination occun through tho dacrewe of h-t
typg 8S by mutation and tha cupption d pardta type 42 from other puadte types.
A symbiotic peir of hoot md paredto drivu down the par-it. type 42, ud m~ymbiotic
otme of type 86 h- @n k establhhed.

In our present modd, we have not found ● llxed cymbiotic stat.. Aftei the oyttem
retm to ● symbiotic ata~, tho ~t- IMts ti a whllo but Itagain isdatroyed. The
praent symbiotic stata thae &ppM u ● temparaily pWiOdC st~ti. TWO ●r8 re~t
periodically; long symbiotic am (180 tJmo stops in Flg.1) whare tho popuhtlon increues
slowly, sad ● shortu aa (10 tlmo ctipe AnFig.1) in which hum.ftd pamsk suddenly
increasu, and then 1Seliminated accampti by the decre- of popnldone of hoots.
It shocdd b. noted thti tho duration of th. latter era b math shorter (1OUthan 1/10)
than that of tho symbiotic -

Neithar quuipariodk na ch~k, but only ● periodic tanpxel change hu been
obcervd

Tho ~p~CO of sytnbioels h dependent on the i.n.itlddhtributbn of hats and
puulta & gme tpue. W. havu stadled mme typical lnitlal d.btribatlone u follow

qonctypeofpudtiwmuardom who~ distributba d hat typa.
b) On. type af s hat versus t r~dom m ho~- dletributlon d paruita

typa.
C) Both typu ue raadcmmlydlwibutad.
d) Ono~of~te vumu~otypeofhost.

1) A mutatlm raw of hmti (PM) ahoald b. -r thaa that d paraaita (PP). Too
Iarga muttil~ rmtc of hats, howvar, brin@ tho extinction qdn.
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roiMM an ewntid quality of wolutlon. To -tudy the evolution~ proc-, we mxl s
model with a Iandxape which changw temporuily, depending upon the population of
all species. The p~t modal giva ● simple e.xAuIpleof thh CIW of dynamics.

2) Our symbiosis 8pp- ody M a dynm.id stati. Thh clw of tymbloaim 1,
predicted by L. Ma.rgulls [1] u “1- qmbials”. Symbiaia can IMformed but it may
dimolv9 s,gain. It i- a function of time. Th~ ~ ~verd MSSOM far the d~dutlon
of a qmbiotlc rehtlonddp, - Marguh h~ pohted out. Sho b V- that the
gruwth ratec of putnem thotdd k approxinmtdy equal in order to kap a symbiotic
relatlormh.lp [1].

In the praat modd, tho ●pprdmately mm. paltlw valu~ for ~ md ~ lead to
u appKIXilIltiy qud @wwth ratu tkwhats aad @tu. A (i.&dUth of the c-yin.
biotic S-of tho p~t model 1#C-MIA by tho unbalanm of th- 01’dC puunwus.

3) ‘I’haLOIpotianoaof hat-puad~ intaactbn ti the dovdoprnent d ~hhm
haa Otbll & struad (s@@ ,.s., [fl). Lot us -* a dat.h of~nmmbh of ho,ti

=dputpuuita oaoachaumhla, H@.siAodennmbla may *= to dli%rant
g@notYPm ( a.g. s ~t symbbotk pair). Thus palymmphhm d hat.a b Induced
by the i.nturutAoa with puultu. If them exk a compatitiom ~g df?amnt hosti
typa, thh pictur9 may not ha judllhbk

6) U-d ~ [8~ As ~ by Hamllta and otbam, ruombbtIon a IM more
effutivm b IM muWtba, On. d tho ~ h thlt19 tbt mom muttim cunot
mamodw W -W -C quancu a@nst th put puulta, but ruombhtlon
doa, ~~ b thoaght to b, apulaily unful to protut km tho ~ttuk of
puasltu, dna Itmaku s ~ ancm81U9d ]amp.

Lnourpt+laB,~hk Uo81#unf U fdrktsfix th, wlurulwn, toacapo
frcm tho sttti of psrdw. Eoaomblnstio,, hcmmur, g In fsct hlndar tho sym-
biotic d#tiOd@, &a momblntim q lnstmtly -M nowymbkt!: hats uid
pUAd-. ~ th d.h+buth cd ~ h -t CCICll@Otdyconantratad on tha
symbiotic pah, rwomblnda bat al- ~ tho cymbiotlc pdr, dnw ruanbl-
n&tlon Jurt dxa exlstlng gsnotypu. ThuJ tho abova drawback may b. romovcd, ItIs
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